Aerva plants are known widely for their exceptional medicinal uses. They have been employed conventionally for their medicinal properties by the common folk in several regions of the world. This indicates the efficacy of these remarkable herbs. They are also known for their multiple biological activities such as antioxidant, antibacterial, antilithiatic, hepatoprotective, antidiabetic, anticancer, antihyperlipidemic and nephroprotective potential. These pharmacological actions are associated with the presence of valuable nutrients and biochemical compounds such as sterols/terpenes, flavonoids, alkaloids, phenolics and sugars. The proper utilization of the substances obtained from these plants can enhance the finesse of the capabilities of these plants. These plants are not only medicinally important but are significantly serving several other scientific purposes. In the prospect of medicinal, scientific uses and the bioavailability of precious chemicals of Aerva species, a comprehensive review is compiled, which focuses on the detailed profile of biochemical compounds, pharmacological functions and biological activities of Aerva plants. The review also discusses the synthetic importance and the toxicity of these plants. The study aims to compile comprehensively what is already done and what more is needed to be done in the future investigations related to Aerva species.
Introduction
Aerva plants of the family Amaranthaceae are perennial herbs with salient morphological characters. They constitute prostrate to erect stem, alternate branches and leaves with entire margins, hermaphrodite flowers, oval or oblong perianth, membranous and margined sepals. Flowers usually bear five stamens which are shortly monadelphous at the base, single pendulous ovule containing ovary with slender and distinct short style. Two stigmas are present which are short to long and thread like. The seeds are compressed which are reniform, firm and black [1] .The Aerva plants are distributed in temperate regions of Africa and Asia. Reported species are given in the ( are used in the treatment of kidney stones [13] . The roots of the plant A. javanica, are chewed for cleaning of teeth; the seeds are used for relieving the headache and rheumatism. The roots paste is applied directly on the face to cure acne [14] . The decoction of its aerial parts is used as a laxative by the pastoralists of the area [15] . This plant is also found in the District Lakki Marwat of Pakistan where it is also used for stomach disorders and as anti-flatulent [16] . Juice, paste and decoction of this plant is used orally as a medicinal herb against diabetes, as a blood purifier and as a diuretic and it is used as topical medication against ringworm, scabies and skin diseases [17] . The plant is also known as Booh in Thar desert of Pakistan. Its decoction, powder, extract, and poultice is used for the treatment of several diseases such as piles, hemorrhoids, snakebites and jaundice. It is also given to cancer patients and to the pregnant women during childbirth [18] .
Pharmacological Studies: Aerva species are widely studied because of their pharmacological abilities. A Literature review has shown that varying activities of the plant of this genus are associated with different extracts of these plants (Table 2 ).
Antioxidant activity: Antioxidant substances are found in different natural sources like plants and micro-organisms [23] . Different species of Aerva are also reported to show antioxidant activities. Aqueous and metabolic extract of the aerial parts of A. lanata exhibited significant antioxidant activity [24] . According to another study aqueous extract of A. lanata inhibited 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical with an IC 50 value of 110.74 µg/mL and showed metal chelating activity with IC 50 of 758.17 µg/mL [25] . ABTS and FRAP assays also assessed antioxidant potential of same plant with the antioxidant activity of 2.43 mM TEAC/100 g DW and 0.88 µM/g DW in both assays respectively [26] . In a study conducted in Sri Lanka, the antioxidant capacity of this plant is determined in terms of mean standard deviation which came out to be 7.54 ± 0.17 per mg of ascorbic acid which is equivalent to per gram dry weight of leaves. The total carotene of the herb was also determined in terms of mean standard deviation which comes out to be 1.17 ± 0.04 per mg of ascorbic acid which is equivalent to per gram dry weight of leaves [27] . Not much work has been done on other Aerva species and in this regard only a few reports are available. According to a study antioxidant potential is associated with ethyl acetate and chloroform extracts of aerial parts of A. sanguinolenta [28] and ethanolic and methanolic extracts of whole plant of A. tomentosa where the potent antioxidant activity of this specie has been attributed to the total phenolics. The same report also explains the structure activity relationship of total phenolics and antioxidant activity in comparison to the other extracts having phenolics constituents [29] [30] .
Antidiabetic activity: Antidiabetic potential of partially purified alkaloid basified toluene fraction PPABTF of methanolic root extract of A. lanata was assessed in Type-II NIDDM diabetic rats which exhibited significant antihyperglycemic activity. This fraction showed improvement in parameters like body weight and lipid profile as well as regeneration of β-cells of the pancreas [31] . Further, A. lanata's alcoholic extract is found to be useful in controlling the increased blood sugar levels in mice [32] . The extract of leaves of the same plant was studied on serum glucose and OGTT. The results showed anti-hyperglycemic activity at the dosage of 400mg/kg [33] . In addition to the above activities, the extracts of aerial parts of A. lanata in methanol and water could sufficiently reduce glucose level of blood in rats with streptozotocin induced diabetes. A reduction in the amount of lipids was also seen in the similar experiment indicating anti-hyperlipidemic activity of the extracts of A. lanata [34] .In a comparative study, it was noticed that A. lanata polysaccharide has greater hypoglycemic activity as compared to that of A. javanica which may be attributed to the difference in complexity of their structures [35] . A. javanica leaves have shown activity against alloxan induced diabetes in rats [20] , whereas, ethyl acetate and chloroform extracts of aerial parts of A. sanguinolenta also exhibited mild anti diabetic activity [28] .
Antimicrobial activity: Various studies have been conducted on assessment of the antimicrobial potential of Aerva species e.g., aqueous and alcoholic extracts of different plant parts of A. persica were also found active against S. typhi and S. aureus [36] . Further, an investigation of methanolic extract of aerial parts of A. lanata showed inhibition zone of 13.2 ± 0. [39] . Alcoholic extracts of A. tomentosa has also been evaluated for their antimicrobial potential [30] .
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Hepatoprotective activity: Antihepatotoxicity or hepatoprotection is the capability of different chemical substances to protect the damage to the liver. Significant hepatoprotective activity in albino mice was observed due to alcoholic extracts of leaf and root of A. lanata at a dose of 600 mg/kg of body weight [40] . A. lanata extract was also studied at the dose of 50 and 100 mg/kg body weight against CCl 4 induced liver damage in Sprague Dawley rats. Partially purified petroleum ether extractable fraction of the whole plant of A. lanata significantly reversed the histopathological changes and restored the elevated activities of liver marker enzymes. The extract also reduced hepatic lipid peroxidation and increased the serum total protein and albumin/globulin (A/G) ratio [41] . Oral administration of an aqueous alcoholic extract of A. lanata (600mg/kg) was found effective in protecting the liver against the injury induced by paracetamol (3 g/kg) in rats [42] . Considerable activity against paracetamol induced hepatic damage in rats was observed for a biherbal ethanolic extract of leaves of A. lanata and leaves of Achyranthes aspera at a dose level of 200 mg/kg and 400 mg/kg body weight [43] .
Immunomodulatory and anti-tumor activity: Immunotherapy is referred to the disease treatment by increasing, suppressing or inducing the immune response of the body. This activity is mostly used for the tumor related disease where an antitumor substance is the one which reduces the effects of a tumor causing substance or the one which prevents the cancer development [44] . Administration of an ethanolic extract of A. lanata was found to stimulate cell mediated immunological responses in normal and tumor bearing BALB/c mice. A significant enhancement in NK cell activity in both normal and tumor bearing hosts was observed after administration of A. lanata. The stimulatory effect of A. lanata on cytotoxic T-lymphocyte (CTL) production was detected by Winn's neutralization assay using CTL-sensitive EL4 thymoma cells [45] .
The aqueous extracts of the stem of A. lanata were also studied against human erythrocytes and found non-toxic towards the hemolytic assay [25] . The ethanolic extract of all parts of A. lanata was examined for antitumor and Immunomodulatory effects. It was also determined that it increases the total number of white blood cells along with the α-esterase positive cells. This extract was completely cytotoxic to DLA and EAC cells [46] . A significant cytotoxicity of A. lanata's petroleum ether extract was seen towards the Ehrlich Ascites, Daltons Lymphoma Ascites and B16F10 cell lines in vitro [47] . 10-Methoxycanthin-6-one, an alkaloid from the medicinal plant A. lanata, was assessed for immunomodulatory activity in BALB/c mice. The compound at 0.5 mg/kg body weight was found to enhance the total WBC count ( Nephroprotective Activity: The effect of ethanolic extract of A. lanata was studied on mercuric chloride induced renal damage in rats. The results suggest that this extract possesses significant potential as a nephroprotective agent at a dose level of 200mg/kg and 400 mg/kg [49] .A notable reduction in serum creatinine and blood urea has been reported to be 75, 150 and 300 mg/kg respectively when an alcoholic extract of the complete plant of A. lanata was applied to albino mice with acute renal failure. The renal failure in these mice was induced by gentamicin and cisplatin [50] .
Anti-ulcer activity:
The breaking in the gastric lining is known as ulcer; it is named differently depending on the part of gastric system damaged [51] . A. javanica's ethyl acetate fraction of methanolic extract has been reported to display medium level antiulcer activity at a concentration of 0.2 mg/mL [52] . The extract of the roots of A.
persica in ethanol was examined for antiulcer activity in albino Wistar mice. For an alcohol-induced model of ulcer, the extract has shown 70.43% protection at a dosage of 200 mg/kg from ulcers. This activity was very close to the activity of ranitidine a standard drug for this purpose. In another analysis of pylorus ligationinduced model of ulcer, the extract has shown 36.88% protection effect at a dosage of 200 mg/kg where ranitidine has shown 62.95% protection effects against ulcers at a dosage of 50 mg/kg, when the comparison was made with control groups [53] .
Anti lithiatic activity:
Leaf extract of A. lanata in water has been reported to help in the uric acid excretion. A dosage of the leaf extract of 3.0 mg/kg of body weight is given for 28 days in order to achieve the enhanced calcium oxalate and uric acid excretion in hyperoxaluric mice [54] . Another study has reported a decrease of enzymes which synthesize oxalates such as and lactate dehydrogenase (LDH) in liver and kidney and glycolic acid oxidase (GAO) in liver, with the administration of extract of aerial parts of A. lanata in water at a dosage of 2g per kg of the body weight of mice with calcium oxalate urolithiasis for 28 days [55] .The extract of aerial parts of A. lanata in water has been seen to regularize the level of lipid, triglycerides and cholesterol in rats with ethylene glycol induced calcium oxalate urolithiasis [56] .
Diuretic activity:
The extracts of A. lanata has shown significant diuretic activities e.g., dose of 1.6g/kg of aqueous alcoholic extract in albino rats markedly increased Na+ output in urine [40] and alcoholic extract at dose of 800mg/kg showed diuretic activity in albino rats [57] . In a comparative study diuretic potentials of ethanolic extracts of A. lanata and A. tomentosa in healthy albino rats were studied. The urine output and concentration of electrolytes in urine increased with concentrated ethanolic extract of A. lanata only. At dose level of 300 mg/kg of A. lanata, concentration of Na + , K + and Cl -has been reported as 14.00±000,6.68±0.14 and 23.04±0.00 (µmol/L) respectively [58] .
Other biological activities:
A. javanica extract in ethanol has killed P. falciparum. The extract of leaf, stem and mature fruit extracts showed IC 50 values of 100, 308 and 76 µmol/mL, respectively [17] . Extracts of A. javanica were tested for antifungal activity against Aspergillus flavus, Aspergillus fumigatus, Aspergillus niger and Fusarium solani but poor activity was observed [39] . A. javanica's raw extract has shown weak acetylcholinestrase inhibitory activity with an IC 50 value of 275.2 µg/mL [19] . According to a recent study based on the analysis of LC-MS/MS and other biological activities A. javanica can be used as functional food ingredients and as well as for the pharmaceutical purposes in the treatment of many oxidation based diseases such as aging, neural disorders and genetic mutations such as cancer [59] . A. lanata's 1% extract in water has shown good inhibition activity to stop the growth of MSUM (monosodium Urate Monohydrate) which causes gout [60] . A. lanata has also displayed anti-inflammatory activities. These activities are shown by its benzene and alcoholic extracts at the dosage of 800 mg/kg in model of rat paw edema induced by carrageenan [57] .Ethyl acetate and methanol extract of A. lanata has shown remarkable antiplasmodial activity against the strains P. falciparum and their toxicity on HeLa cell line [61] .
There are several benefits of the Aerva plants, yet no studies are encouraging the domestication of these plants. The [62] . The ash content of the leaves was found to be 13.1±5.4 g/100g while concentrations of protein, fat, fiber and carbohydrate were (g/100g) 11.3±5.2, 25.2±7.9, 26.2±3.3, 22.0±2.6 respectively [63] . In another report of nutrient and mineral composition studies on A. lanata leaves were found to contain carbohydrate (26.6 g/100g), crude protein (22.6 g/100g) and ash (31.2 g/100g). Observed minerals (mg/100g) were P (187), K (47.9), Na (39.4), Ca (51.7), Mg (41.5), Zn (44.7) and Fe (11.0). Heavy metals such as Cu, Pb, Cd and Cr were not detected in the leaves [64] . Pb accumulation in the roots of A. lanata was also determined by substituted rhodamine based probe [65] Other Studies: Tolerance index: Tolerance index of A. lanata was calculated against air pollutants. A. lanata was found to be resistant specie and considered as to serve as sink to air pollutants [67] .
Biosorption: Leaves of A. lanata are reported to possess sorption potential for chromium (VI) from wastewater with maximum extractability of 96.0%, 92.0% and 84.0% [68, 69] . A. sanguinolenta was included in 36 species selected to find good bioaccumulators for Cd and Zn from the Padaeng zinc mine area, Thailand, A. sanguinoleta was a moderate accumulator showing bioaccumulation factor of 1.04 or Cd and 1.72 for Zn [70] .
Biofuel production: A study was carried out on halophytes in 2011 to find Potential sources of lignocelluloses biomass for ethanol production. This research concluded that halophytes can compete favorably with other conventional sources for biofuel production. Although, the results for A. javanica were not as effective as for some other species under consideration yet they were considerable showing hemi-cellulose 13.33, cellulose 15.67 and lignin 6.33 % DW [71] .
Metal reduction: Hexavalent chromium is reduced by using A. lanata by batch equilibrium technique. This biological reduction converts the toxic hexavalent chromium to less toxic trivalent chromium ion. A. lanata also assists in the precipitation of the chromium ion which can then be easily separated. The reduction was confirmed by the cyclic voltammetry and ICP-MS [72] .
Nano synthesis: The leaf extract of A. lanata have been used for the microwave aided green synthesis of gold and silver nanocatalysts. The catalytic activity of the newly synthesized substances was noted against the reduction of 4-nitrophenol to 4-aminophenol by NaBH 4 . Both the particles have shown excellent reduction potential [73] . This study is a big advancement in the development of green products. The whole plant aqueous extract of A. lanata is employed in the phytofabrication of silver nanoparticles. The fabricated nanoparticles were tested against several wound associated bacteria and these particles showed remarkable anti-bacterial activity. It was also found that the nanoparticles have similar action as that of ciprofloxacin on E. coli, S. aureus and S. agalactiae [74] .
Silver nanocolloids have been prepared from A. javanica. These nanocolloids are then incorporated in chitosan hydrogels. The action of these hydrogels was determined by applying them to the infections caused by partially thick burn wounds. The application of these hydrogels on the burn wounds has shown a significant reduction in the infection and the healing time [75] .
The enzyme inhibitory activity: has also been observed in the alcoholic extract of A. Javanica. It is reported that kaempferol-3-O-β-D-(6-E-p-coumaroyl)-glycosides and chlorinated dibenzofuran glycoside; aervfuranosidethat are obtained from the alcoholic extract show the inhibitory effect against acetylcholinesterase and butyryl cholinesterase. Eserine was used as the positive control for the study [76] .
Phyto-constituents Isolated fromAerva Plants
Investigation on the profile of biochemicals in Aerva species suggested it to be a valuable source of different classes of biologically active compounds. The survey of previous phytochemical work on the species of the genus Aerva revealed that alkaloids, flavonoids, coumarins, terpenoids, steroids and various phenolics have been discovered in these plants. 
Figure 1: Ecdysteroids Isolated from theAervaPlants
All isolates were evaluated for their inhibitory potential against enzymes acetylcholinesterase (AChE), butyrylcholinesterase (BChE) and lipoxygenase (LOX) but no significant activity has been reported [77] . Quantitative identification revealed that 0.035% ecdysteroids are present in the roots of A. tomentosa [78] , whereas, in seeds their amount is estimated to be 0.030% [79] . Ecdysones are also reported from A. lanata [80] .
Chromatographic fingerprint analysis done by HPTLC technique for steroids in the methanolic extract of different parts of A. lanata showed the presence of 30 different types of steroids [81] . β-sitosterol (8) along with its D-glucoside (9) were identified as constituents of A. lanata [82, 83] . β-sitosterol (8) is also reported in alcoholic extract of A. Javanica's flower [76] . In another study compound 9, stigmasterol-3-glyceryl-2'-linoleate (10) and campesterol (11) were also isolated from the extract of aerial parts of A. lanata [84] . Compound 8 and 11 are also reported from A. javanica var. bovi [85] and from A. persica, in addition to the ikisolation of 7-ergostenol (12), 7-stigmastenol (13), campestanol (14), 22-stigmastenol (15), stigmasterol (16) and spinasterol (17) [86] . Another derivative of β-sitosterol i.e., β-sitosteryl acetate (18) has been isolated from whole plant ethanolic extract A. persica [13] . Compound 8 is also reported from the petroleum-ether extract of A. tomentosa [87] (Figure 2 ). Terpenoids: Ameroterpene, bakuchiol (19) has been isolated from the methanolic extract of the dried leaves of A. sanguinolenta, which inhibited the growth of Streptococcus mutans -MTCC 497, Actinomyces viscosus -ATCC 15987 and Streptococcus sanguis -ATCC 10556 with an MIC value of 0.98 µg/mL for each strain [88] . Squalene (20) ,a precursor of triterpenoids biosynthesis has been isolated from A. javanica [89] . Ursolic acid (21), a pentacyclic triterpenic acid was isolated from whole plant hydro methanolic extract of A. javanica, which was studied for anti-urease activity where it showed 33.4 % inhibition of the enzyme [52] . α-Amyrin (22) and β-amyrin (23) [90] , oleanolic acid (24) and betulinic acid (25) have been isolated from A. javanica [91] [92] . Oleanolic acid (24) is also reported in alcoholic extract of A. Javanica's flower [76] . Compound 22 is also known as the constituent of A. tomentosa [71] and A. lanata [ 82] with betulin (26) from A. lanata, A. persica produced lupeol (27) and lupeol acetate (28) [13] , presence of lupeol is also reported in the alcoholic extract of the flower of A. Javanica [76] . A diterpenoid named; 2α,3α, 15, 16, 19 -pentahydroxy pimar-8(14)-ene (29) has been isolated from methanolic extract of whole plant of A. lanata [83] (Figure 3 ). (32) were found in the ethyl acetate fraction of flowers of A. javanica [93] . (Figure 4 ). A quantitative estimation of the total flavonoids in the A. lanata L. by differential spectrophotometry suggested total flavonoid contents in the range of 0.51 to 1.02% [97] . Total flavonoid contents in the same species were found to be 6.99 mg quercetin/100 g Equivalents) when calculated by the aluminum chloride colorimetric assay [98] . A high amount of total phenolic contents Chrysin (44) is also reported from alcoholic extract of A. lanata [99] . Alcoholic extract of roots of A. javanica contain 0.02196 % wt/wt quercetin (45) [100] . (61) [104], whereas quercetin-3-O-rutinoside (62) [25] , isorhamnetin-3-rutinoside (63) and aervitrin (isorhametin 3-rhanmosylrutinoside) (64) [105] were purified from the extracts of A. lanata whereas whole plant methanolic extract of the specie afforded tribuloside (65) and 3-cinnamoyltribuloside (66) [83] . Compound 63 has also been isolated from A. javanica [85] . Quercetin-3-O-xylosyl-(1→2)-rhamnoside (67) [91] , Isorhamnetin-7-p-coumaroyl galactoside (68) [ (69) [101] , Aervanone (70) have been reported as the metabolites of A. persica [106] (Figure 8 ).
Acylated flavone glucosides: that include kaempferol-3-O-β-D-(6''-E-p-coumaroyl) glucopyranoside (35) and kaempferol-3-O-(4'',6''-di-O-E-p-coumaroyl)-β-D-glucopyranoside (36) are isolated from
Other Phenolics: Methanolic extract of flowers of A. javanica yielded p-coumaric acid (71), caffeic acid (72), eicosanyl-trans-pcoumarate (73) , hexadecyl ferulate (74) and hexacosyl ferulate (75) [93] . Ferulic acid (76) , which is an important phytochemical has been known as the metabolite of A. lanata [2] , Methyl grevillate (77) has been reported from A. persica [13] (Figure 9 ). Gallic acid (78) was also found in the extract of A. javanica [93] along with 3-hydroxy-4 methoxybenzaldehyde (81) known as the metabolites of A. javanica [112] . The presence of allantois (102) and indole acetic acid (103) is reported in methanolic extract of flowers of A. javanica [76] (Figure 12) . Betacyanins: Acylated and simple betacyanins i.e., amaranthine (110) , isoamaranthine (111), celosianin I (112) and celosianin II (113) were identified and quantified in inflorescence of A. sanguinolenta [114] (Figure 14) . [35] .Ascorbic acid (118) content in the shoots of A. persica was found to be 115.00 mg/100g DW [118] . whereas, glycinebetaine (119) and trigonelline (120) [101] . Long chain hydrocarbons with carbon chain length ranging between 14-27 along with β-damascenone (123), trans-β-ionone (124), megastigmatrienone (125) and 6,10,14-trimethyl-2-pentadecanone (126) were identified from the leaves and stems of A. javanica [89] . From the same source, long chain alcohols (C26-C36) were identified along with 14 different fatty acids [90] .Chlorinated dibenzofuran glycoside; aervfuranoside (127) have been reported in the methanolic extract of A. javinaca's flowers [76] (Figure 16 ).
Toxicity:
The toxicity of aqueous extract of A. lanata is determined in albino mice. The acute toxicity was determined by the administration of 1-30 g/kg intraperitoneally in the albino mice. For the determination of sub-chronic, 40-1000 mg/kg of the extract was administered daily to the mice orally. The extract produced visible changes in the body weights of the mice (both male and female) [120] .
Conclusion:
To conclude; A. lanata, A. javanica and A. persica are the species of family Amaranthaceae that have extremely useful qualities and scientists have paid special attention to these medicinal plants for the purpose of identification, isolation and extraction of potential medicinal constituents. Presence of unique biologically active compounds justify the usage of these plant extracts as anti-inflammatory, hepatoprotective, anthelmintic, antibacterial and antilithiatic agents. Many reports of successful usage of these species have been mentioned and discussed above, but there are still some important issues that need to be addressed by researchers. It is a noteworthy fact that more reports are published about few species of Aerva genus. Productive studies on medicinal and other aspects of related species may add knowledge about uses, availability or miraculous healing properties, if they exist, like other members of the genus.
